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Abstract 
The RAPD-PCR (Random Amplified Polymorphie DNA-Polyme­
rase Chain Reaction) techn ique has been developed to differentiate 
the pinewood nematode, Bursaphe/enchus xylophilus, from two re­
lated species .  We have examined 1 4  i so lates of B. xylophilus, 1 2  iso­
lates of B. mucronatus, 7 isolates of B. fraudulentus and 2 undeter­
mined Bursaphelenchus provenances obtained from Asia, Europe 
and North America. The nematodes were mult iplied on Botrytis ci­
nerea on malt agar, and tested with 1 3  different ten base random 
primers from the Operon J<its 8, E, Y and Z. Informative patterns of 
amplified DNA fragments were obtained revealing interspecific as 
weJI as intraspec ific differences .  Rel iable d ifferentiation and identi­
fication of B. xylophilus and B. mucronatus was possible with pri­
mer OPY-0 1 ,  whereas B. xylophilus could be distinguished from B. 
fraudulentus using primer OPB-07. Primer OPZ-08 was most suita­
b le for differentiation of B. mucronatus from B.jraudulentus. 
Our results confirmed the assignment to B.-'mucronatus of the C2 
isolate from Canada proposed by HARMEY and HARMEY ( ]  993) .  Dif­
ferent RAPD patterns were obtained with "B. mucronatus from Japan 
and China in relation to isolates from Europe, Siberia and Canada. 
These findings support the thes i s  of BECKENBACH et al .  ( 1 992) about 
a separate taxonomic status of the latter isolates .  The RAPD patterns 
of two undefi ned provenances from the USA corresponded to pat­
terns obtained with the European species B. fraudulentus. Further in­
vestigations using the RAPD-PCR technique wiJI be focused on pro­
viding better intraspecific differentiation of the various provenances 
of B. xylophilus and B. mucronatus. 
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Zusammenfassung 
Z ie l  der Untersuchungen war die Anwendung der RAPD-PCR-Methode 
(Random Amplified Polymorphie DNA-Polymerase Chain Reaction) zur ta­
xonomischen Unterscheidung des Kiefernholznematoden ,  Bursaphelenchus 
xylophilus, von verwandten Arten .  Die zu diesem Zweck verwendeten 14 Iso­
late von B. xylophilus, 1 2  Isolate von B. mucronatus, 7 Isolate von B. frau­
dulentus und 2 Bursaphelenchus-Isolate unbekannter Zugehörigkeit stamm­
ten aus Asien, Europa und Nordamerika und wurden an Botrytis cinerea auf 
Malzagar vermehrt. S ie wurden mit 13 unterschiedlichen I Obasigen Zu­
fal l sprimern der Operon-Kits B, E, Y und Z getestet. Hierbei wurden infor­
mative Bandenmuster der amplifizierten DNA-Fragmente erhalten , die inter­
und intraspezifi sche Unterschiede widerspiegelten. Eine zuverlässige Diffe­
renzierung und Identifizierung von B. xylophilus und B. mucronatus war mi t  
Primer OPY-01 mögl ich ,  während mit Primer OPB-07 8. xylophilus gegen­
über B. fraudulentus abgegrenzt werden konnte . Zur Unterscheidung von 
B. mucronatus und B. ji-audule111us war Primer OPZ-08 am besten geeig­
net.
Unsere Ergebnisse bestätigten die taxonomische Zuordnung des kanadi­
schen C2-lsolates zur Art B. mucronaws durch HARMEY und HARMEY ( 1 993) .  
Die Unterschiede in den RAPD-Bandenmustern zwischen den lsolaten von 
B. mucronarus aus Japan und China einerseits und aus Europa, Sibirien und
Kanada andererseits stützen die These von BECKENBACH et al . ( 1 992) hin­
sichtlich eines separaten taxonom i schen S tatus der letztgenannten Herkünfte .
Die Bandenmuster der beiden undefinierten lsolate aus den USA entsprechen
denen der europäischen Art B. fraudulenrus. Weitere Untersuchungen zur
besseren intraspezifischen Unterscheidung innerhalb der Arten B. xylophilus
und B. mucronatus sind vorgesehen .
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Verbre i tung 
l ntroduction 
The pinewood nematode, B. xylophilus (STEINER and BUHRER, 1 934) 
NJCKLE, 1 970 i s  the most important species of the Aphelenchoididae 
genus Bursaphelenchus. It has caused epidemic pine wilt in Japan, 
with wood lasses of more than 2 mi J l ion cubic metres a year. The ne­
matode is  native to North America from where it obviously came to 
Japan by way of timber trade, assisted by its excellent survival in 
wood and its ready transmission by vector beetles in the genus Mo­
nochamus (Cerambycidae) which are also carried in timber impo1ts. 
It has since spread to China, Hongkong, Taiwan and Korea .  The 
pinewood nematode is absent from Europe . Due to its threat to Eu­
ropean coniferous forests ,  especially in the warmer southern regions, 
and due to problems in timber trade caused by its presence, B. xylo­
philus has been given a EU quarantine statu s .  
After Japanese researchers recognized that B. xylophilus is the 
cause of pine wilt (MAMIYA and KIOHARA, 1 972) ,  scientific i nterest 
was also taken in other Bursaphelenchus species .  The c losely relat­
ed species B. mucronatus MAMIYA and ENDA, 1 979 is di stributed 
mainly in Europe and Asia and is known to be present in pinewood 
exported from Russia to Europe (BRAASCH, 1 99 1  ). B. mucronatus is 
biologically and morphologically very similar to B. xylophilus but 
differs markedly in pathogenicity. B. mucronatus has been described 
as having little or no pathogenicity (FUTAl, 1 980; ÜDANl et al . ,  1 985) . 
Other closely related Bursaphelenchus species include B. fraudu­
lentus RÜHM, 1 956 and B. kolymensis KORENTSCHENKO, 1 980. While 
B. fraudulentus has only been detected in deciduous trees in Europe
(SCHAUER-BLUME, 1 989) ,  B. kolymensis has been reported on coni­
fers in the North East of Russia. It is possible that B. kolymensis is a
synonym of B. mucronatus.
The close morphological s imilarity of these Bursaphelenchus spe­
cies makes it very difficult to differentiate them microscopically. 
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Species ident i fication is based main ly on tai l Features of the females. 
B. xylophi/us i s  normally round-tailed whereas B. mucronatus and 
B. fraudulentus have a more or less poin ted (mucronate) tail tip. Ad­
ditional diffi cu lties ari se from the fact that North American B. xylo­
philus has both round-tailed (r-form) and mucronate forms (m­
form) .  The m-form is almost indistinguishable morphologically
from B. mucronatus.
Enzyme electrophoresis has been employed to i ncrease lhe accu­
racy of ident i fication of Bursaphelenchus spec ies but only l imited 
conc lusions have been reached (DE GUJRAN et a l . ,  1 985) .  Diagnostic 
techniques based on nucleic acid sequences are more reliable since 
they are independent of nematode developmental stage and of phe­
notypic vari ation . Successful differentiat ion of Bursaphelenchus 
species has been achieved using cloned DNA hybridization probes 
deri ved from Caenorhabditis (ABAD et al . ,  1 99 1 )  or Bursaphelen­
chus (WEBSTER et al . ,  1 990; HARMEY and HARMEY, 1 993 ; TARES et 
al . ,  1 994) .  Species-specifi c  DNA fragments have been amplified by 
means of PCR using primers derived from a c loned repetitive DNA 
sequence (HARMEY and HARMEY, 1 993) .  
In the RAPD-PCR technique, DNA Fragments are amplified using 
s i ng le random primers of arbitrary sequence (WELSH and McCLEL­
LAND, 1 990; WILLIAMS et al . ,  1 990). Over the last few years, RAPD­
PCR has evolved as a powerful tool for genetic analysis (W!LLLAMS 
et al . ,  1 993 ) and diagnosis of p lant pathogens (HENSON and FRENCH, 
1 993) ,  inc luding the nematodes Heterodera schachtii and H. cruci­
ferae (CASWELL-CHEN et a l . ,  1 992) ,  Meloidogyne spp. (CENLS, 1 993) 
and Globodera pallida (PASTRIK et al . ,  J 995 ) .  The diversity of avail­
able primer sequences means that RAPD-PCR can be adapted for 
cl assification at different taxonomic levels ,  e .g .  species ,  race and 
popu lat ion .  React ion conditions for RAPD-PCR must be very care­
ful ly opt im ized to obtain i nformative and reproducible results. Once 
standard ized, the technique is easily amenable to routine testing due 
to its speed and s impl ic ity. In the present work we have developed 
RAPD-PCR condit ions suitable for di fferentiat ion of three Bursa­
phelenchus spec ies .  
Materia l  and Methods 
Origin and multiplication of nematodes 
The geograph ic and host origins of the Bursaphelenchus isolates 
tested are l i sted in  Table 1 .  They were multip l ied on Botrytis cinerea 
on malt  agar in petri dishes and extracted from the medium by 
means of a modified BAERMANN funnel technique . After extraction ,  
t he  nematodes were concentrated by  gravity and  washed with tap 
water. The nematode populations used for DNA extraction consisted 
of adult  females, males and larvae. 
Extraction of nematode DNA 
DNA was extracted from mixed life stages of nematodes using the 
method of DELLAPORTA et al. ( 1 983 )  with modifications. Nematodes 
were pelleted by centrifugation at 9 000 x g for two min and washed 
three t imes with water. Nematode pellets corresponding to approxi­
mately 20 µ1 wet volume were dried for 30 min in a vacuum con­
centrator. The residue was suspended in 40 µI of extraction buffer 
( 1 00 mM Tris-HCI pH 8 .0 ;  500 mM NaCl ;  50 mM Na-EDTA pH 8.0 ;  
10 mM mercaptoethanol) and homogen ized on ice for 3 min i n  a 
small manual ly operated glass homogeni zer (W. 0. Schmidt Labo­
ratoriumsbedarf, Braunschweig) .  The homogenate was transferred 
to a 1 .5 ml Eppendorf tube and the homogen izer rinsed with 4 l O µI 
of extract ion buffer which was added to the homogenate. After ad­
dition of 30 µI of 20 % SDS and mixing ,  the homogenate was incu­
bated for l O m in  at 65 °C. Then 1 50 µl of 5 M potass ium acetate were 
added, and the sample was i ncubated for 20 min  011 ice and centri ­
fuged for 20 min at 20 000 x g/4 °C.  The pel let was discarded and 
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the supernatant transferred to a fresh tube . Nucleic acids were preci­
pi tated twice, once with 0.6 vol of i sopropanol and once with 0 . 1 vol 
of 3 M sodi um acetate/2 .5 vol of ethanol . After the final centrifuga­
tion ( 20 min at 20 000 x g/4 °C) the pellet was washed with 70 % et­
hanol, dried for 5 min in a vacuum concentrator and d i ssolved in 30 
µ l  TE buffer ( 1 0  mM Tris-HCI pH 8 .0 ;  1 mM Na-EDTA pH 8 .0) .  
DNA concentration of the extract was measured fluorimetrically 
( LABARCA and PA IGEN, 1 980) using the fl uorescent  dye Hoechst 
33258  and a DNA fluorometer TKO l 00 (Hoefer, San Francisco) .  
RA PD-PCR procedure 
Random primers (ten base ol igodeoxynuc leotides with 60-70 % 
G+C content and random sequence) were purchased from Operon 
Technologies (A lameda, USA). The resu l t s  reported here were ob­
tained with random primers OPY-0 1 ( 5 ' -GTGGCATCTC-3 ' ), OPB-
07 ( 5 '-GGTGACGCAG-3')  and OPZ-08 ( 5 '-GGGTGGGTAA-3 ' ) .  
PCR was carried out  us ing a Perki n E imer 9600 thermocycler. The 
reaction m ixture (25 µ!) contai ned 2 ng of template DNA, 5 U of Taq 
DN A polymerase Stoffel  fragment (Perk in Eimer Cetus) ,  1 00 µM of 
each dNTP ( Boehringer Mannheim) ,  0.2 µM of a s i ngle random pri­
mer and 4 mM MgCL 2 in reaction buffer ( l O mM KCl,  1 0  mM Tris­
HCI pH 8 . 3 ) .  The reaction mixture was heated for 2 . 5  min at 94 °C 
Tab.  1 .  Geographie and Host Orig i n  of Bursaphelenchus Jsolates 
Tested 
Orig in Code 
Bursaphelenchus xylophi/us ( r-form ) :  
Ch ina CN 
Japan ( l baraki ) J 
Japan (Kumamoto) J 3 
USA (Ve rmont) US 2 
USA (Arizona) US 9 
USA (Vermont) US 1 1  
USA ( J l l ino is) US 1 5  
Canada (Alberta) Alla 
Canada (border i ntercept ion) Cmz 1 
Bursaphelenchus xylophilus (m-form) :  
USA (M innesota) US 1 0  
Canada (Brit ish Columbia) BC 
Canada (Quebec) Q 52 A 
Canada (Quebec) Q 1 426 
Canada (N .  B. )  St. John 
Bursaphelenchus mucronatus: 
Canada (Quebec) C 2 
France (Castelja loux) F 
France (Le Porge) F 4 
France (Astafford) F 5 
Russia (Siberia) J garka 
Germany (Brandenburg) Grünberg 
Germany (Sachsen-Anhalt) Karlsfe ld 
Norway (Hanestad) N 
Fin land F I  
lta ly (L igure) Prati d i  P ra 
Japan (Ch iba) 
Ch ina (S ichuan) 
JP 
Sichuan 
Bursaphelenchus fraudulentus: 
Austria BAU 
Hungary BHU 
Germany Berl in 
Germany (H i l trup) BGE-b i rch 
Germany (Er langen) H 26 
Germany (Er langen) H 37 
Germany (He lmstedt) BG E-oak 
Undef ined Bursaphelenchus provenances: 
USA (Oregon) Ne 43a 
USA (Washington) Ne 46 
Host 
? 
Pinus densiflora 
P densiflora 
P strobus 
P halepensis 
Larix laricina 
P sylvestris 
P banksiana 
dunnage wood 
Abies balsamea 
Pinus spec. 
Abies and Picea chips 
Abies balsamea 
? 
Abies balsamea 
Pinus pinaster 
P pinaster 
P pinaster 
P sylvestris 
P sylvestris 
P sylvestris 
P sylvestris 
P sylvestris 
Monochamus gallo­
provincialis (vector) 
Pinus densiflora 
P massoniana 
Ouercus robur 
0. petraea
Ouercus spec.
Betula pendula
Prunus avium
Prunus cerasus
Quercus robur
Pinus monticola 
Thuja plicata dead wood 
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and submitted to 40 reaction cycles of92 °C for 20 sec, 38 °C for 15 
sec, and 72 °C for 60 sec. The rate of heating from 38° to 72 ° was 
regulated to 0.3 °C/sec. After the final reaction cycle, the mixture 
was kept at 72 °C for 7 min and stored at 4°. After the PCR, 10 µ1 ali­
quots of the reaction mixture were resolved by electrophoresis in a 
2 % agarose gel and DNA fragments were visualized by staining in 
1 µg/ml ethidium bromide. 
Results 
DNA of sufficient purity for RAPD-PCR was obtained using a plant 
DNA extraction procedure (DELLAPORTA et al., 1983) developed pre­
viously for cysts of the potato nematode, Globodera pallida (PA­
STRIK et al., 1995). ldentical RAPD patterns were obtained in the 
range ofO. l to 20 ng template DNA applying the reaction conditions 
described above. 
Thirteen different ten base random primers from the Operon kits 
B, E, Y and Z were tested for their ability to differentiale between 
Bursaphelenchus xylophilus, B. mucronatus and B. fraudulentus.
Most primers produced informative patterns of amplified DNA frag­
ments revealing interspecific as weil as intraspecific differences be­
tween isolates. For reliable identification of these Bursaphelenchus
species, certain amplified DNA Fragments must obviously be 
distinctive and stable between all isolates of a given species. This 
condition was met for at least three of the primers tested as illustrat­
ed below. 
As shown in Figure 1, RAPD patterns obtained with primer OPY-
0 l revealed several species-specific amplified DNA Fragments per­
mitting differentiation and identification of B. xylophilus and B.
mucronatus. Two amplified Fragments of approx. 0.53 kb and 0.71 
kb (indicated by >) were characteristic for all B. xylophilus isolates 
tested. The B. mucronatus isolates from Europe. Siberia and North 
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Fig. 1. RAPD profiles of 8. xylophilus and 8. mucronatus isolates ob­
tained with random primer OPY-01. Amplified DNA fragments charac­
teristic for either 8. xy/ophilus or 8. mucronatus are indicated by > 
and <, respectively. 
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Fig. 2. RAPD patterns of 8. xylophilus and 8. fraudulentus isolates 
obtained with random primer OPB-07. Amplified DNA fragments 
suitable for identification of 8. xylophilus and 8. fraudulentus are indi­
cated by > and <, respectively. 
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Fig. 3. RAPD analyses of 8. mucronatus and 8. fraudulentus isolates 
employing random primer OPZ-08. Amplified DNA fragments diag­
nostic for 8. mucronatus or 8. fraudulentus are indicated by > and <, 
respectively. 
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America could b e  clear ly disti ngui shed from the 8 .  xylophilus i so­
lates on the basis of two fragments of 1 . 1 5 kb and 1 .25 kb ( indicated 
by <). A fragment of 0 .85 kb seems to be characteristic for both spe­
cies . In addition to species-specific fragments, RAPD patterns of 
B . .l.)'lophilus and, to a lesser extend, B. mucronatus also contai ned 
i so late-specific fragments which may be useful for in t raspecific clas­
s ifications. 
The two 8. mucronatus isol ates from Japan and S ichuan exhibited 
a RAPD pattern distingui shing them from other B. mucronatus i so­
l ates as wel l  as from 8. xylophilus. Experiments employing other 
random primers (OPB-07 and OPZ-08) confirmed that these two iso­
lates are very s im i l ar to each other but very different from any other 
i so late of B. mucronatus, 8. xylophilus and B. fraudu/entus (Fig. 2 
and 3 ) .  Separate species status for Japanese and European 8. mucro­
natus has already been postulated on the basis of sequence diver­
gence of an ampl i fied DN A fragment (BECKE BACH et a l . ,  1 992). 
The C2 isol ate from Canada was originally bel ieved to be 8. xy­
/oph ilus (mucronate form) but has s ince been rec l assified as 
B. mucronatus on the basis of hybridi zation and PCR data (HARMEY
and HARMEY, 1 993) .  Our resul ts obtai ned with random primers OPY-
0 1  and OPZ-08 clearly confirm that the C2 isolate is B. mucronatus
(F ig .  l and 3 ) .
The c learest d ifferentiation o f  B .  xylophilus from B. fraudulen tus 
was achieved us ing primer OPB-07 (Fig .  2 ) .  RAPD patterns of the 
B. fraudulentus isol ates were rather homogeneous i nc luding at least
four species-spec i fic amplified DNA Fragments in  the range of
0 .3-2 .0 kb ( i ndicated by <). In  contrast to B. Jraudulentus, RAPD
patterns of B. xylophi/us obtained with primer OPB-07 revealed
many isolate-spec ific  Features and only one obvious spec ies-specific
DNA fragment of approximate ly 0 .5  kb ( indicated by > ) .
Two taxonomical l y  undefi ned i so lates (Ne  43a  USA and Ne  46  
USA)  were ident i fied a s  B. fraudulentus on  the  bas i s  of  t he  diagnos­
tic fragments ohtained with primer OPB-07 ( Fig .  2) and primer OPZ-
08 (Fig .  3 ) .  
RAPD-PCR employing random primer OPZ-08 was  most su i ta­
ble for d ifferentiat ion of B. mucronatus against 8. fraudu/entus (Fig .  
3 ) .  Five diagnos t i c  fragments in the range of 0.2-2 .2 kb  (indicated 
by <) were obtained for B. fraudu/entus, and three Fragments in the 
range of 0 .7- J .6 kb ( i ndicated by >) were found characteristic for 8.
mucronatus (European, S iberian and North American provenances ) .  
A l though the present investigation was focused on spec ies identi­
fication, we also obtai ned prel iminary i nformation on intraspec ific  
classificat ion .  According to the RAPD patterns, a re lat i vely close re­
l ationship seems to exist within the fol lowing groups: B. mucrona ­
tus from S iberia and Germany ( Fig. 3 ) ;  possibly B. mucronatus from 
France and Canada (Fig .  3 ) ;  B. mucronatus from Japan and China 
(Fig. 1 , 2, 3); B. xylophilus from Japan and China (Fig. l , 2). From 
our experience obtai ned with 1 3  di fferent random primers , 8. xylo­
philus appears to exhibit much more i ntraspecific heterogeneity than 
the two other spec ies investigated. The random pri mers tested so far 
do not dist inguish between the round-tailed and mucronate forms of 
B. xylophilus.
Discussion 
Rel i able differentiation between B. xylophi/us and re l ated species is 
of importance for quarantine purposes including surveys of di stribu­
tion, detection in imported wood, eval uation of pathogenicity and for 
understanding the pathways of the i r  d i spersal by human activity. Un­
til now, North American isolates were considered to be B. xylophi­
lus only. The reclassification of the Canadian C2 isolate as B. mucro­
natus (HARMEY and HARMEY, 1 993,  and results of this work) sbows 
that geographic affi l i ations should be used with caution .  In  addition, 
B. ji·audu/en tus is now known to occur in North America, as shown
by results of our RAPD-PCR experiments. It was surpri sing that the
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two provenances corresponding to B. fraudulentus were col lected 
from coniferous wood (Pinus and dead wood of Thuja, respectively) .  
Tbe questi on, therefore, arises of whether 8. ji-aiu/u/entus has a com­
pletely different  modus vivendi i n  North America compared with 
Europe, or rel ies on a vector beetle attacking both con i ferous and de­
ciduous trees. 
At the present Stage of research two RAPD-PCK tests are neces­
sary to different iale 8. xylophi/us from 8. mucronatus and B. frau­
dulentus. By using primer OPY-0 1 ,  B. xylophilus can be clearly dif­
ferentiated from botb types of 8. mucronatus. With primer OPB-07 , 
B. xylophilus can be distinguished from B. fraudulentus and the East
Asian 8. mucronatus. If desirable, further differentiation between B.
mucronatus and B. fraudulentus can be achieved by means of primer
OPZ-08, but genera l ly  the resu l ts of the first two RAPD-PCR expe­
riments will be sufficient for species affi l iation .
RAPD patterns have revealed considerable genet ic differences 
between the three Bursaphelenchus species .  The two East As i an 
provenances of B. mucronatus exh ib ited a unique type of RAPD pat­
tern for each primer which prevented their allocat ion to one of these 
species. The Statement ofBECKENBACH et al . ( 1 992 )  of a separate sta­
tus of the East As ian and European 8. mucronatus provenances is 
supported by our findings .  On the other hand, tbe results of c ross ing 
experiments ( BRAASCH, [ 994) do not j ustify a separate species sta­
tus for these provenances. Therefore , the estab l i sbment of a subspe­
cies status for the European, S iberian and Nortb American pro­
venances of B. mucronatus should be considered . 
Further invest igat ions wi l l  be focused on prov id ing improved in­
traspecific di fferentiation 'of the various provenances of 8. xylophi­
lus and B. mucronatu.�. The poss ib i l ity of natural ly  occurring hybrid
populations should also be considered. To approach th i s  question, we 
i ntend to produce art ificial hybrids and characterize tbem by appro­
priate RAPD procedures .  
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